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(54) Compositions and methods for detecting, treating or predicting the response of tumor cells 
to endocrine therapy. 



(57) The present invention relates to compositions 
and methods for predicting the responsiveness of tumor 
cells to therapy, as well as to methods and compositions 
for treating or detecting tumor cells in vitro, ex vivo or in 
vivo. The present invention relates more specifically to 
the identification of the gene coding for the alpha subunit 
of glycoprotein hormones (CGA) as a major endocrine- 



responsiveness gene or polypeptide and to any compo- 
sitions and methods using CGA or any derivative or 
modulator thereof for treating, detecting or classifying 
tumors. The invention is more particularly suitable to 
predict or assess the endocrine treatment responsive- 
ness of hormone-associated tumors, in particular breast 
or prostate tumors. 
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Description 

[0001] The present invention relates to compositions and methods for predicting the responsiveness of tumor cells 
to therapy, as well as to methods and compositions for treating or detecting tumor cells in vitro, ex vivo or in vivo. The 

5 present invention relates more specifically to the identification of the gene coding for the alpha subunit of glycoprotein 
hormones (CGA) as a major endocrine-responsiveness gene or polypeptide and to any compositions and methods 
using CGA or any derivative or modulator thereof for treating, detecting or classifying tumors. The invention is more 
particularly suitable to predict or assess the endocrine treatment responsiveness of hormone-associated tumors, in 
particular breast or prostate tumors. 

10 [0002] Breast cancer growth is regulated by estrogen, whose effect is mediated by binding to the estrogen receptor 
(ER). The presence of ER in breast tumors has thus been used to identify those patients who may respond to endocrine 
agents such as Tamoxifen. However, half the patients with ER-positive tumors fail to respond favourably to anti-oes- 
trogen treatment (McGuire, 1980). Several mechanisms have been forwarded to explain the lack of response in ER- 
positive patients; one postulates a mutated, non-functional ER which is unable to mediate the inhibitory cellular actions 

15 of endocrine treatments (Katzenellenbogen et al., 1997). It has been postulated that co-assessment of ER and oes- 
trogen-inducible genes or protein products (as markers of functional ER-mediated cellular growth mechanisms) might 
give better predictive results. In this regard, measurement of tumor progesterone receptor (PR) and PS2 contents have 
been shown to partly improve patient selection (Ribieras et al., 1998). However, expression of PR and PS2 correlate 
strongly with ER expression, meaning that the PS2 and PR markers provide little further information on hormone 

20 dependence relative to ER. Accordingly, there is a pressing need for more reliable markers of endocrine responsive- 
ness. Such markers would further open novel strategies to detect or treat tumors, or to screen molecules that may 
impact on tumor development. 

[0003] The present invention now discloses the identification of a novel marker of tumor cells responsiveness to 
certain therapy, in particular endocrine therapy. More particularly, the present invention now discloses that CGA gene 

25 is an oestrogen receptor-responsive gene, whose expression correlates with tumor responsiveness to endocrine ther- 
apy. The present invention thus describes novel compositions and methods of predicting or assessing the responsive- 
ness of a tumor cell to such endocrine treatments based on an analysis of the CGA status of said cell. The present 
invention also describes compositions and methods of predicting or assessing the endocrine treatment responsiveness 
of a subject having a hormone-mediated tumor, based on an analysis of the CGA status of said subject. As will be 

30 described in more details, the CGA status can be assessed in different ways, on tumor samples ex vivo or in vitro, as 
well as on samples of biological fluids. The invention also discloses novel methods of detecting tumor cells or tumor 
growth or formation, based on an assessment of CGA status in a subject. The invention also provides methods of 
treating tumor cells or reducing tumor growth in a subject based on the modulation of CGA gene expression in said 
cells, using either recombinant DNA techniques or synthetic molecules. In this regard, the invention further discloses 

35 methods for screening compounds that modulate CGA gene expression which represent new candidate compounds 
for reducing or inhibiting tumor cell formation or growth. The present invention also discloses reagents, such as nucleic 
acid probes, or antibodies, as well as kits for implementing the above methods. 

[0004] As indicated above, this invention more particularly stems from the fortuitous and unexpected identification 
that the well-known CGA gene coding for the alpha subunit of glycoprotein hormones is a new ER-responsive gene in 

40 human hormone-associated cancer cells, in particular in human breast cancer cells. The alpha subunit is common to 
the four hormones belonging to a glycoprotein hormone family (i.e. hCG, LH, FSH and TSH). These hormones are 
composed of two non covalently bound subunits, designated a and p, only the p subunit confers biological specificity. 
A first study was conducted by the inventors in order to determine if the emergence of "trophoblastic" CGB genes, that 
were previously shown to be associated with malignant breast transformation (Bieche et al., 1998), was accompanied 

45 by co-overexpression of the CGA gene and the production of ectopic human chorionic gonadotrophin (hCG) het- 
erodimeric hormone in breast tumor cells. CGA and CGB gene expression was thus quantified in a large series of 
unilateral invasive primary breast tumor RNAs by means of a real-time quantitative RT-PCR assay. The inventors 
unexpectedly found marked differences in the total amount of CGA mRNA molecules, that were clearly independent 
of CGB expression status but fully associated with the ER-positive phenotype in the breast tumor series tested. 

so [0005] In particular, CGA gene overexpression was observed in half the ERa-positive tumors and in none of the 
ERct-negative tumors. Immunohistochemical studies confirmed the CGA protein overexpression and showed that it 
was strictly limited to ER-positive tumor cells. To further examine the unexpected link between CGA gene status and 
ER positivity, we analyzed the expression of the oestrogen-responsive genes PR and PS2, as well as the oestrogen 
receptor p (ERp). Our results indicate that CGA is a more reliable marker than PR and PS2 for ER functionality and, 

55 thus, for endocrine responsiveness. We infer that the subpopulation of CGA-positive, ERa-positive tumors correspond 
to those responsive to hormone therapy. To support this, among the subgroup of ERa-positive patients who received 
postoperative hormone therapy, more than 70% of ERa-positive patients with CGA overexpression were relapse-free 
after endocrine treatment, while nearly 60% of patients with normal or no CGA expression relapsed (P=0.06). Taken 
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together, these preliminary findings suggest that the CGA marker could provide new, independent information which, 
either alone or in conjunction with ERa status (or other markers), allows to determine the likelihood that a given tumor 
will respond to endocrine therapy. 

[0006] To further validate CGA status as a new molecular predictor of endocrine responsiveness, CGA gene expres- 

5 sion was next analyzed, as well as two well-known molecular markers (ERBB2 and CCND1 genes) in a second breast 
tumor RNA sample series (n=145) from a well-defined cohort of Tamoxifen-treated postmenopausal patients. By uni- 
variate analysis (log-rank test), we found that CGA-overexpressed patients had significantly longer relapse-free survival 
(RFS) (P=0.0098) while ERBB2-overexpressed patients had significantly shorter RFS (P=0.0085) compared to patients 
whose tumors normally expressed these two genes. We observed no link between RFS and CCND1 status. Only the 

10 good prognostic significance of CGA-overexpression status (and not the bad prognostic significance of ERBB2-over- 
expression status) persisted in Cox multivariate regression analysis (P=0.022 and P=0.18, respectively). 
We also showed that combinations of CGA and ERBB2 status may provide an even more accurate predicting guide 
to hormone responsiveness. Indeed, analysis of both expression of CGA and ERBB2 genes allowed four separate 
prognostic groups to be identified (P=0.004). While CGA normal/ERBB2 overexpressed tumors showed the poorest 

15 prognosis, CGA overexpressed/ERBB2 normal tumors showed the best prognosis. 

[0007] These results demonstrate the correlation between CGA status and endocrine treatment responsiveness of 
tumor cells. These results further show that CGA is a more reliable responsiveness marker than ER or PR or PS2 and 
provide the basis for improved methods of assessing a tumor cell responsiveness to endocrine therapy using CGA 
gene expression (or status) as a molecular marker. These results also allow the development of novel diagnostic and 

20 therapeutic approaches, based on the detection or modulation of CGA expression or activity. 

[0008] In this respect, a first object of this invention resides more particularly in a method of predicting (or assessing 
or refining) endocrine treatment responsiveness of a subject with a tumor, comprising assessing the CGA status of 
said subject or tumor, in vitro, ex vivo or in vivo. 

[0009] Another object of the present invention resides in a method of predicting (or assessing or refining) endocrine 
25 treatment responsiveness of a tumor cell, comprising assessing the CGA status of the tumor cell, in vitro, ex vivo or in 
vivo. 

[0010] A further object of this invention comprises a method of selecting a patient with a tumor, for endocrine treat- 
ment, comprising assessing the CGA status of said patient or tumor. 

[0011] More generally, the present invention relates to the use of a CGA gene product as a marker of endocrine 

30 responsiveness of a tumor or tumor cell. 

[0012] Within the context of the present invention, a subject or patient includes any mammalian subject or patient, 
more preferably a human subject or patient. Also, the tumor is more generally any tumor at any stage of development, 
whether primary or metastatic. Endocrine treatment includes any therapeutic treatment of a tumor or subject in which 
an endocrine substance is used, either alone or in combination with any other treatment (chemical, radiation, etc.). 

35 Typical endocrine treatment comprises the administration of a hormone or hormone derivative or antagonist, such as 
the antiestrogens (Tamoxifen, Raioxifen, Droloxifen, Tonemifen, etc.), in particular in breast cancers. 
[0013] The CGA status of a cell, tumor or subject can be assessed in various ways, more preferably by assessing 
(or determining or detecting or dosing) the presence or (relative) amount of a CGA gene expression product in a 
biological sample of the subject, in particular in a cell or tissue sample of said tumor or in a biological fluid of the subject, 

40 as will be described later. 

[0014] In this regard, within the context of the present invention, CGA means the alpha subunit of glycoprotein hor- 
mones. This polypeptide and the corresponding coding nucleic acid have been described in the art (fiddes and Good- 
man, 1 979 ; GenBank # V0051 8). In a more specific embodiment, a CGA polypeptide is a polypeptide having the amino 
acid sequence of SEQ ID NO: 2, or any variant or homolog thereof. Variants and homologs include any CGA polypeptide 

45 resulting from polymorphism, alterations or natural variations, such as splice variants, truncated forms, or other es- 
sentially naturally occurring polypeptides having amino acid substitutions or deletions. CGA polypeptide also includes 
variants of SEQ ID NO:2 which are recognized by antibodies specific for or raised by immunisation with a polypeptide 
of SEQ ID NO:2 or a fragment thereof. A CGA gene is any nucleic acid encoding a CGA polypeptide as described 
above. In a specific embodiment, a CGA gene is a genomic DNA comprising the nucleic acid sequence of SEQ ID NO: 

50 1 (GenBank # V00518), more particularly from residue 51 to residue 401 (e.g., the coding portion). In general terms, 
CGA gene also includes any cDNA, mRNA, artificial DNA as well as synthetic or semi-synthetic DNA encoding a CGA 
polypeptide. 

[0015] As mentioned above, the invention comprises an assessment of the CGA status of a subject, tumor or tumor 
cell. The CGA status encompasses generally any assessment of the activity, regulation, or expression of CGA gene 
55 or of any other cellular component (such as genes, proteins, etc.) regulated or controlled by CGA. More particularly, 
assessing the CGA status of a cell, tumor or subject (or any biological sample derived therefrom) is accomplished by 
assessing (or determining or detecting or dosing) CGA gene expression in said cell, tumor or subject. In this regard, 
CGA gene expression may be assessed by assessment of the presence or (relative) amount of a CGA gene expression 
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product in said sample, in particular any CGA transcription product (e.g., pre-RNAs, mRNAs) as well as any CGA 
translation product (e.g., polypeptides such as proteins, fragments thereof, peptides, etc.). 

[0016] In this respect, in a first variant of the present invention, assessing CGA gene expression comprises detecting 
the presence or amount of CGA polypeptide in a biological sample of the subject. 
5 [0017] In more specific embodiments, the assessment of CGA gene expression comprises: 

detecting the presence of CGA polypeptide in a cell or in a tissue sample of said tumor, or 

detecting the presence or amount of CGA polypeptide in a biological fluid from the subject. In this embodiment, 

the biological fluid may be blood, plasma or urine, for instance. 

10 

[0018] The presence or amount of a CGA polypeptide can be determined by any suitable technique known to the 
skilled artisan, including by immuno-assay (ELISA, EIA, RIA, etc.). This can be made using any affinity reagent specific 
for a CGA polypeptide, more preferably any antibody or fragment or derivative thereof. In a particular embodiment, the 
CGA polypeptide is detected with an anti-CGA antibody (or a fragment thereof), more preferably a monoclonal antibody. 
15 Such antibodies are commercially available (Biocode S.A., Immunotech, etc.). The antibody (or affinity reagent) may 
be labeled by any suitable method (radioactivity, fluorescence, enzymatic, chemical, etc.). Alternatively, CGA-antibody 
immune complexes may be revealed (and/or quantified) using a second reagent (e.g., antibody), labelled, that binds 
to the anti-CGA antibody, for instance, 

[0019] CGA polypeptides are generally found within the cells. Accordingly, the CGA polypeptide detection or quan- 
go tif ication usually comprises a treatment of the sample to render the polypeptide available to the affinity reagent. Treat- 
ment may comprise any conventional fixation technique, or any other conventional method used in immunohistology, 
for instance. 

[0020] Typically, the sample is contacted with an anti-CGA antibody, and the immune complexes are detected or 
quantified. More preferably, where the sample is a cell or tissue sample, it is treated prior to contacting with the antibody, 

25 to alter the plasma membrane integrity and allow the antibodies to interact easily with CGA polypeptides. 

[0021] This variant is particularly advantageous since CGA polypeptides are essentially absent from unresponsive 
tumoral tissues and from non-tumoral tissues, with the exception of some cells that produce the glycoprotein hormones 
(hCG, LH, FSH or/and TSH) such as pituitary cell types (gonadotropes and thyrotropes) as well as the placenta. Ac- 
cordingly detection of the presence of a CGA polypeptide provides direct information as to the responsiveness potential 

30 of the tumor. 

[0022] In a second variant of the present invention, assessing CGA gene expression comprises assessing CGA 
mRNA level in a cell or a tissue sample of said tumor, more preferably detecting or dosing CGA mRNAs in a tumor 
sample or cell or in a biological fluid (detection of circulating tumor cells). This can be made by any conventional method 
known to the skilled artisan, in particular by any method employing amplification (e.g. PCR), specific primers, specific 
35 probes, migration, etc. In a particular embodiment, CGA mRNA levels are assessed by quantitative RT-PCR. Alterna- 
tively, other nucleic acid detection methods can be employed, such as LCR (Ligase Chain Reaction), TM A (Transcription 
Mediated Amplification), PCE (an enzyme amplified immunoassay) and bDNA (branched DNA signal amplification) 
assays. 

[0023] in a particular embodiment, mRNA level assessment comprises total RNA extraction from tumor cell or sample 
40 or biological fluid (blood, plasma, urine...) in vitro or ex vivo, cDNA synthesis, (PCR) amplification with specific CGA 
oligonucleotide primers, and analysis of PCR products. 
[0024] In a typical embodiment, the CGA status is determined by: 

- obtaining total RNAs of a tumor cell or sample or biological fluid (blood, plasma, urine...) 
45 - cDNA synthesis by reverse transcription 

PCR (polymerase chain reaction) amplification of CGA cDNA in the presence of oligonucleotide primers specific 
for CGA gene. 

Detection (or quantitation) of PCR product, in particular by measuring the increase in fluorescence by using a 
fluorescent double-stranded DNA-binding dye such as the SYBR Green I (direct detection) or by next contact of 
50 a specific labelled nucleic acid probe to the CGA PCR products (indirect detection). 

[0025] RT-PCR amplification of CGA mRNAs may be performed using any pair of CGA specific primers. Examples 
of such primers are SEQ ID NO: 3 and 4. It should be understood that other primers can be designed by the skilled 
artisan, such as any fragment of SEQ ID NO:1, for use in amplification step. The primers are preferably 15-25 bases 
55 long. Also, a specific CGA probe may be the nucleic acid of SEQ ID NO:1 or its complementary strand, or any fragment 
thereof, preferably any fragment of at least 15, more preferably at least 20-30 bases. A specific example of such a 
probe is SEQ ID NO:5. The probe may be labelled using any known technique such as radioactivity, fluorescence, 
enzymatic, chemical, etc. It should be understood that the present invention shall not be bound or limited by particular 
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detection or labelling techniques, which can essentially be applied to the CGA gene using ordinary skills. 

[0026] As mentioned above, the present invention allows the assessment, evaluation, or determination (or refining) 

of cancer responsiveness to endocrine therapy based on a CGA status evaluation. Generally, CGA overexpression is 

indicative of endocrine treatment responsiveness of said tumor or subject. 
5 [0027] As indicated above, the CGA status can be assessed by a relative determination of CGA gene expression 

product contained in the biological sample. An increase in CGA expression products is generally indicative of a tumor 

(or tumor cell or subject) responsiveness to endocrine therapy. An increase may be determined by comparison to 

reference values or situations (in particular non-tumoral cells) or by the detection of a signal essentially absent from 

the control, non-cancerous tissue (in particular for CGA polypeptides). 
10 [0028] In a particular embodiment, the presence of CGA mRNAs in the tumor cell or tissue sample is compared to 

an average value calculated from non-tumoral tissue sample (preferably of the same type), overexpression being 

indicative of endocrine treatment-responsiveness. 

[0029] In a specific example, to determine the cut-off point for altered CGA gene expression at the RNA level in 
breast cancer tissue, the average normal CGA value (NCGA value) was determined for 1 5 normal breast tissue RNAs. 
15 This value consistantly fell between 0.4 and 6.6 (mean 1 .83 ± standard deviation 1 .78). Accordingly, values of 20 (mean 
+ 10 SD) or more are considered to represent CGA gene overexpression in breast tumor RNA samples 
[0030] More generally, an increase by at least two-fold, preferably at least five-fold, over control value is indicative 
of increased expression and predicts responsiveness. 

[0031] The present invention may be used alone, or in combination with other markers such as ERa, ERBB2, CCND1 , 
20 PR or PS2. In this regard, the invention may be used to refine endocrine treatment responsiveness as assessed by a 
preliminary assay (i.e., be detecting ERa expression). In a more particular embodiment, this invention also relates to 
a method of predicting endocrine treatment responsiveness of a subject with a tumor, comprising assessing in vitro or 
ex vivo the ERa status and the CGA status of said tumor or subject. 

[0032] An other object of this invention is a method of selecting a patient with a tumor, for endocrine treatment, 
25 comprising assessing the CGA status of said patient or tumor. 

[0033] A further object of this invention resides in a method of detecting breast cancer in a subject, comprising 
detecting in vitro or ex vivo a CGA product in a breast cell or sample of the subject. 

[0034] An additionnal object of this invention resides in a method of diagnosis or detection of (breast) tumor dissem- 
ination and/or minimal residual disease, comprising detecting in vitro or ex vivo circulating tumor cells and/or microme- 

30 tastases by detection of CGA mRNA in a biological fluid (blood, plasma, urine...) of the subject. 

[0035] An other object of this invention is a method of detecting (the presence, formation or development of ) a cancer 
in a subject, comprising detecting in vitro or ex vivo CGA protein in a biological fluid of the subject. 
[0036] The present invention is more particularly suited for predicting, detecting or treating a hormone-associated 
tumor, which includes any tumor or tumor cell (or abnormally proliferating tissue or cell) which may benefit from a 

35 hormonal (or endocrine) treatment. Preferred examples include hormone-dependent tumors, i.e., tumors whose for- 
mation or development are known to be regulated by hormones, such as breast cancer and prostate cancer, at any 
stage of development. In this regard, it is known that breast cancer growth is regulated by oestrogen, through binding 
to the oestrogen receptor. Current treatments include anti-oestrogen (endocrine) treatment, in order to antagonize the 
oestrogen-dependent tumor cell growth, such as for instance Tamoxifen treatment. Prostate cancer is the second major 

40 hormone-dependent cancer that is modulated by the sex hormones : estrogens, progesterone and androgens. Fur- 
thermore, other tumors or tumor cells, although not dependent from or principally regulated by sex hormones, may 
benefit from a hormonal treatment, such as ovarian, endometrial and testicular cancer. 

[0037] In a preferred embodiment, the present invention is used to predict responsiveness, or detect ortreat hormone- 
dependent tumors or tumor cells, even more preferably breast tumor or tumor cells. 

45 [0038] A more specific object of this invention resides in a method of predicting Tamoxifen responsiveness of a 
subject with breast tumor, comprising assessing in vitro or ex vivo the CGA status of the subject or tumor. 
[0039] This invention also relates to kits for implementing the above methods comprising reagents for assessing the 
CGA gene status in a sample. The reagents may include, antibodies, probes, primers, device, supports, etc. 
[0040] This invention also relates to a nucleic acid array comprising a plurality of nucleic acids attached to a support, 

50 wherein at least one or a portion of said nucleic acids are complementary to a region of the CGA gene or mRNA. Such 
an array may be used to assess CGA gene expression in avariety of samples. 

[0041] The present invention also includes a method of treating a tumor in a subject, comprising (i) determining the 
endocrine responsiveness of subjects having a tumor by assessing the CGA status of said subjects or tumors, (ii) 
identifying the subjects with increased CGA gene expression and (iii) exposing the subjects identified to endocrine 
55 treatment. 

[0042] As mentioned above, this invention also allows novel methods of selecting or identifying compounds that 
modulate CGA expression or activity, comprising contacting a cell expressing a CGA gene with a candidate compound 
and selecting or identifying the cell(s) having a modified CGA status. The method can be used to select or identify 
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inhibitors or activators of CGA gene expression or activity. 

[0043] The present invention also relates to the use of a compound that modulates CGA expression or activity for 
the manufacture of a medicament for the treatment of a hormone-associated tumor or tumor cell, in particular for 
reducing or arresting the growth or development of a hormone-associated tumor or tumor cell, more particularly of 

5 breast or prostate tumor. 

[0044] The invention also encompasses the use of a compound that modulates CGA expression or activity for the 
manufacture of a medicament for inducing or stimulating the endocrine responsiveness of a tumor or tumor cell. 
[0045] The invention more particularly encompasses the use of a nucleic acid encoding a CGA polypeptide, for the 
manufacture of a medicament for the treatment of a hormone-associated tumor or tumor cell or for inducing or stimu- 

10 lating the endocrine responsiveness of a tumor or tumor cell. The nucleic acid may by as defined above, encodiment 
any CGA polypeptide of SEQ ID NO:2 or a variant or derivative thereof. The nucleic acid may be incorporated in a 
vector (plasmid, virus, etc.) to facilitate administration and/or gene delivery. 

[0046] Other aspects and advantages of the present invention will be described in the following examples, which 
should be regarded as illustrative and not limiting the scope of the present application. 

15 

Materials And Methods 

1 . Patients and Samples 

20 [0047] We analyzed tissue from primary breast tumors excised from women treated at the Centre Rene Huguenin 
(St-Cloud, France). The samples were examined histologically for the presence of tumor cells. A tumor sample was 
considered suitable for this study if the proportion of tumor cells was more than 60%. Immediately following surgery 
the tumor samples were stored in liquid nitrogen until RNA extraction. 
We analyzed two series of breast patients : 

25 

- The 1 31 patients of the first serie met the following criteria: primary unilateral non metastatic breast carcinoma on 
which complete clinical, histological and biological data were available; and no radiotherapy or chemotherapy 
before surgery. 

We also analyzed tissue from a additionnal well-defined cohort of 1 45 primary breast tumors. The patient of this 
30 second series met the additionnal following criteria : postmenopausal patients and treated after surgery only by 

endocrine therapy (Tamoxifen). 

[0048] Specimens of adjacent normal breast tissue from nine of the breast cancer patients, and normal breast tissue 
from six women undergoing cosmetic breast surgery, were used as sources of normal RNA. 

35 

2. Real-time RT-PCR 
(1) Theoretical basis 

40 [0049] Quantitative values are obtained from the threshold cycle number at which the increase in the signal associ- 
ated with exponential growth of PCR products begins to be detected using PE Biosystems analysis software, according 
to the manufacturer's manuals. 

The precise amount of total RNA added to each reaction mix (based on optical density) and its quality (i.e. lack of 
extensive degradation) are both difficult to assess. We therefore also quantified transcripts of the RPLPO gene (also 
45 known as 36B4) encoding human acidic ribosomal phosphoprotein P0 as the endogenous RNA control, and each 
sample was normalized on the basis of its RPLPO content. 

The relative target gene expression level was also normalized to a calibrator, or 1X sample, consisting of a normal 
breast tissue sample (quantitation of CGA and RPLPO genes) or of the breast tumor tissue sample which contained 
the smallest amount of target gene mRNA (quantitation of other target genes). 
so Final results, expressed as N-fold differences in target gene expression relative to the RPLPO gene and the calibrator, 
termed 'Warget\ were determined as follows: 

55 

where ACt values of the sample and calibrator are determined by subtracting the average ct value of the target gene 
from the average Ct value of the RPLPO gene. 
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(2) Primers, probes and PCR consumables 

[0050] Primers and probes for the RPLPO and target genes were chosen with the assistance of the computer pro- 
grams Oligo 4.0 (National Biosciences, Plymouth, MN) and Primer Express (Perkin-Elmer Applied Biosystems, Foster 

5 City, CA). We conducted BLASTN searches against dbEST and nr (the non redundant set of the GenBank, EMBL and 
DDBJ database sequences) to confirm the total gene specificity of the nucleotide sequences chosen for the primers 
and probes, and the absence of DNA polymorphisms. The nucleotide sequences of the oligonucleotide hybridization 
probes and primers are shown in Table 2. To avoid amplification of contaminating genomic DNA, one of the two primers 
was placed in a different exon. For example, the upper primer and the probe of CGA were placed in exon 3, whereas 

10 the lower primer was placed at the junction between exons 3 and 4. 

(3) RNA extraction 

[0051] Total RNA was extracted from breast specimens by using the acid-phenol guanidium method. The quality of 
is the RNA samples was determined by electrophoresis through agarose gels and staining with ethidium bromide, and 
the 18S and 28S RNA bands were visualized under ultraviolet light. 

(4) cDNA Synthesis 

20 [0052] RNA was reverse transcribed in a final volume of 20 nl containing 1X RT buffer (500 mM each dNTP, 3 mM 
MgCl 2 , 75 mM KCI, 50 mM Tris-HCI pH 8.3), 10 units of RNasin™ Ribonuclease inhibitor (Promega, Madison, Wl), 10 
mM dithiothreitol, 50 units of Superscript II RNase H" reverse transcriptase (Gibco BRL, Gaithersburg, MD), 1 .5 mM 
random hexamers (Pharmacia, Uppsala, Sweden) and 1 \ig of total RNA. The samples were incubated at 20°C for 1 0 
min and 42°C for 30 min, and reverse transcriptase was inactivated by heating at 99°C for 5 min and cooling at 5°C 

25 for 5 min. 

(5) PCR amplification 

[0053] All PCR reactions were performed using a ABI Prism 7700 Sequence Detection System (Perkin-Elmer Applied 
30 Biosystems). PCR was performed using either the TaqMan® PCR Core Reagents kit or the SYBR® Green PCR Core 
Reagents kit (Perkin-Elmer Applied Biosystems). The thermal cycling conditions comprised an initial denaturation step 
at 95°C for 1 0 min and 50 cycles at 95°C for 1 5 s and 65°C for 1 min. Experiments were performed with duplicates for 
each data point. 

35 3. Immunohistochemical studies 

[0054] Indirect immunoperoxidase staining of fixed tissues was performed using monoclonal antibody HT1 3 directed 
against the alpha subunit of human chorionic gonadotrophin (Bidart et al., 1988) and monoclonal antibody ID5 raised 
against human oestrogen receptor (Dako SA, Trappes, France). 

40 The immunohistochemical procedure was performed on paraffin-embedded sections. A microwave antigen-retrieval 
technique was used in all cases. Sections were mounted on precoated slides (TESTA-coated slides) and allowed to 
dry at 50°C overnight. The sections were then dewaxed in xylene and hydrated through graded concentrations of 
alcohol. Endogeneous activity was blocked with 1% hydrogen peroxide for 15 min. Sections were then immersed in a 
thermoresistant plastic box containing 10 ml of pH 6.0 citrate buffer and processed in the microwave oven four times 

45 for 5 min each at 750 W. Sections were then allowed to cool at room temperature for 30 min before rinsing in TRIS- 
buffered saline. The blocking reagent was tipped off and the primary antibodies were left for one hour. A standard 
avidin-biotin-peroxidase complex was used to reveal the antibody-antigen reaction. 
Localization and intensity of staining were assessed by two independent pathologists. 

50 4. Statistical Analysis 

[0055] Relapse-free survival (RFS) was determined as the interval between diagnosis and detection of the first re- 
lapse (local and/or regional recurrences, and/or metastases). 

Clinical, histological and biological parameters were compared using the chi-square test. Differences between the two 
55 populations were judged significant at confidence levels greater than 95% (p<0.05). Survival distributions were esti- 
mated by the Kaplan-Meier method, and the significance of differences between survival rates was determined using 
the log-rank test. 
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Examples 

1 . CGA mRNA level in normal breast tissues 

5 [0056] To determine the cut-off point for altered CGA gene expression at the RNA level in breast cancer tissue, the 
NCGA value, calculated as described in Materials and Methods, was determined for 15 normal breast tissue RNAs. 
As this value consistently fell between 0.4 and 6.6 (mean 1 .83 ± standard deviation 1 .78), values of 20 (mean + 10 
SD) or more were considered to represent CGA gene overexpression in tumor RNA samples. 

10 2. CGA mRNA level in the serie of 131 tumor breast tissues 

[0057] Among the 1 31 breast tumor RNA samples tested, 44 (33.6%) showed CGA gene overexpression. Very large 
differences in the amount of CGA mRNA were observed (NCGA from 20.6 to 16500): 10 tumors had an expression 
level of 20 to 40 times, 1 1 tumors 40 to 1 00 times, 1 3 tumors 1 00 to 1 000 times and 1 0 tumors more than 1 000 times 
15 that of normal breast tissue RNA. The highest levels of CGA gene expression in breast tumors were close to those 
observed in placenta (data not shown). CGA gene expression was also investigated in nine patients from whom both 
primary breast tumors and matched normal breast tissue were available: four tumors showed clearly higher CGA 
expression in the tumor (NCGA = 2260.1 , 70.4, 66.9 and 36.9, respectively) than in the normal tissue (NCGA = 0.9, 
3.4, 2.2 and 1 .3, respectively). 

20 

3. Correlation between CGA mRNA levels and clinical and pathological parameters. 

[0058] We then sought links between quantitative CGA mRNA status and standard clinical, pathological and biolog- 
ical factors in breast cancer (Table 3). 

25 Statistically significant links were found between CGA gene overexpression and Scarff-Bloom-Richardson (SBR) his- 
topathological grade l+ll (P=0.015), and positive progesterone (P=0.0009) and estrogen (P<10" 7 ) receptor status as 
determined by biochemical method (EIA). Importantly, we observed an absolute link between CGA gene overexpres- 
sion and estrogen receptor status, all 44 patients with increased CGA mRNA levels being ER-positive. 
Patients with tumors overexpressing CGA did not relapse more (or less) frequently (Table 3) and did not have signifi- 

30 cantly shorter (or longer) disease-free survival after surgery compared to patients whose tumors normally expressed 
CGA (log-rank test, not shown). 

4. Localization of hCGa subunit in tumor cell cytoplasm 

35 [0059] Of the 20 tumors studied by IHC, we detected specific immunoreactivity in the 1 0 tumors which overexpressed 
CGA mRNA and in none of the tumors which showed no CGA overexpression. We thus observed a perfect match 
between CGA mRNA overexpression and IHC positivity (Fig. 1) CGA immunoreactivity was exclusively found inside 
ER-positive tumor cells; infiltrating lymphocytes and normal glandular cells in the tumor were negative. Tumor cell 
staining was found exclusively in the cytoplasm, and the staining pattern consisted mainly of isolated positive cells 

^o (Fig. 1). The positive cells were chromogranin A-negative (data not shown). 

5. Relationship between CGA mRNA levels and CGB mRNA levels. 

[0060] Major differences in the amount of CGB mRNA molecules were observed (range from 0.3 to 1 92). However, 
^5 the highest levels of CGB gene expression in breast tumors were >10 3 -fold lower than those observed in placenta 
(data not shown). To study the relationship between CGA mRNA levels and CGB mRNA levels, we subdivided tumors 
into those with very low (NCGB from 0.3 to 2.9), low (3 to 5.9), intermediate (6 to 9.9) and high (1 0 to 1 92) CGB mRNA 
levels. No correlation was observed between CGA mRNA and CGB mRNA levels (Table 3). No links were observed 
either between CGB gene overexpression and progesterone and estrogen receptor status (data not shown). 

50 

6. Relationship between CGA mRNA levels and CCND1 , MYC and ERBB2 expression status 

[0061] The 131 tumors studied for CGA expression had previously been tested for mRNA expression of the CCND1 , 
MYC and ERBB2 genes (Bieche et al., 1999a; 1999b and manuscript in preparation). We found a significant link 
55 between CGA overexpression and CCND1 overexpression (P=0. 00003), but no link between CGA overexpression 
and altered mRNA expression of the other two genes (Table 3). 
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7. Relationship between CGA mRNA levels and PS2 and ERP expression status 

[0062] To study the link between CGA gene overexpression and ER positivity, we also quantified, by means of a 
real-time quantitative RT-PCR assay, the expression of the ERa-responsive gene PS2, as well as the estrogen receptor 
5 p (ERP) gene. We also analyzed mRNA levels of the PR and ERa genes to confirm PR and ER protein status determined 
by a biochemical (EIA) method, to obtain quantitative PR and ERa values and to avoid a possible discrepancy due to 
tumor heterogeneity. 

[0063] As regards the PS2, ERp and PR markers, patients were subdivided into three equal groups of tumors with 
low (n=43), intermediate (n=44) and high (n=44) mRNA levels. A total correlation was observed between ERa gene 
10 status determined with biochemical and real-time RT-PCR. Indeed, all 41 ER-negative tumors in the biochemical (EIA) 
method had low ERa mRNA levels. Breast tumors were also subdivided into ERa-negative tumors (low ERa mRNA; 
n=43) and ERa-positive tumors (intermediate/high ERa mRNA; n=8B). 

The results (summarized in Tables 4 and 5) showed a stronger association between ERa gene status and CGA gene 
status (total link) than between ERa gene status and PS2, PR or ERP gene status (subtotal links). Indeed, several 
15 ERa-negative tumors overexpressed PS2 and/or PR, while none of the ERa-negative (low ERa mRNA level) tumors 
overexpressed the CGA gene. Interestingly, we observed a negative correlation between ERa and ERp mRNA ex- 
pression levels (P=0.0013). 

Finally, in the ERa-positive subgroup (n=88), we found a significant link between CGA overexpression and CCND1 
overexpression (P=0.0024), but no link between CGA mRNA expression status and PS2, PR or ERp mRNA expression 
20 levels (Table 6). 

8. Correlation between CGA, ERBB2 and CCND1 mRNA levels and prognostic significance in a well-defined cohort 
of Tamoxifen-treated postmenopausal patients. 

25 [0064] To further validate CGA status as a new molecular predictor of endocrine responsiveness, CGA gene, as well 
as two well-known molecular markers (ERBB2 and CCND1 genes) were analyzed in a second breast tumor RNA 
sample series (n = 145) from a well-defined cohort of Tamoxifen-treated postmenopausal patients. 
By univariate analysis (log-rank test), we found that CGA-overexpressed patients had significantly longer relapse-free 
survival (RFS) (P=0.0098) while ERBB2-overexpressed patients had significantly shorter RFS (P=0.0085) compared 

30 to patients whose tumors normally expressed these two genes. We observed no link between RFS and CCND1 status. 
Using a Cox proportional hazard model, we also assesed the prognostic value for RFS of parameters that were sig- 
nificant in univariate analysis, i.e., CGA and ERBB2 status. Only the good prognostic significance of CGA-overexpres- 
sion status (and not the bad prognostic significance of ERBB2-overexpression status) persisted in Cox multivariate 
regression analysis (P=0.022). 

35 [0065] We finaly tested if the combination of CGA and ERBB2 status may provide a more accurate predicting guide 
to hormone responsiveness than these individual factors used alone. By univariate analysis (log-rank test), we showed 
that analysis of both expression of CGA and ERBB2 gene allows four separate prognostic groups to be identified. The 
RFS curves are significantly different (p=0.004). CGA normal/ERBB2 overexpressed tumors showed the poorest prog- 
nosis, while CGA overexpressed/ERBB2 normal tumors showed the best prognosis. The two other groups (CGA nor- 

40 mal/ERBB2 normal and CGA overexpressed/ERBB2 overexpressed tumors) showed similar intermediate outcome. 

9. Discussion 

[0066] In this report, we have developed a real-time quantitative RT-PCR assay to quantify CGA mRN Acopy numbers 
45 jn homogeneous total RNA solutions prepared from tumor samples. This recently developed approach to nucleic acid 
quantification in homogeneous solutions may become a reference, given its performance, accuracy, sensitivity, and 
high throughput capacity, and also the fact that it eliminates the need for tedious post-PCR processing (Gibson et al., 
1 996). Above all, this method is suited to the development of new target gene assays with a high level of inter-laboratory 
standardization, and yields statistical confidence values. A major advantage of this method is that the system has a 
so large linear dynamic range (at least six orders of magnitude) suitable for analyzing the expression of genes such as 
CGA which show large differences in the amount of mRNA molecules (CGA gene expression ranged from 0.3 to 1 6500 
times the level in normal breast tissues). Overexpression (> 10 SD above the mean for normal breast tissues) of the 
CGA gene was observed in 44 (33.6%) of the first serie of 131 breast tumor RNA samples. Immunohistochemical 
studies confirmed hCGa protein overexpression and showed that it was strictly limited to breast tumor cells. Our results 
55 are in keeping with a report of hCGa protein production by breast tumor cells, as shown by immunohistochemistry 
analysis (Walker, 1978). 

[0067] We sought to determine whether the observed overexpression of hCGa protein in breast cancer has to aim 
to associate with the hCGp subunit to produce the heterodimeric hormone hCG, which could mediate biological activities 
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through the LH/hCG receptor which was recently shown to be expressed in breast cancer (Lojun et al., 1997; Meduri 
et al., 1997). Although we observed large differences in the amount of CGp mRNA molecules (as high as 192 times 
the level in normal breast tissues), we found no link between CGA mRNA overexpression and CGB mRNA overex- 
pression in our series of breast tumors (Table 3). We also observed no link between CGA overexpression and mRNA 
5 expression of the LHB, FSHB and TSHB genes, which code for the other three p subunits capable of associating with 
the hCGa subunit to produce glycoprotein hormones (data not shown). 

The highest levels of CGA gene expression in our breast tumor series, which were close to those observed in placenta 
and were much higher than the amount of CGB mRNA in breast tumors (>1 0 3 -fold lower that placental levels) suggest 
that different genetic (or epigenetic) mechanisms are responsible for CGA and CGB gene overexpression in breast 
10 tumors. Thus, involvement of the trophoblast-specific element (TSE) responsible for coordinated expression of the 
CGA and CGB genes in the placenta can be ruled out in breast tumors (Steger et al., 1 993). Our results suggest that 
if the free hCGa subunit (and not the heterodimeric hormone hCG) is involved in breast tumorigenesis, it would act via 
a novel pathway not involving the LH/hCG receptor. 

[0068] Little is known of the involvement of the hCGa subunit itself in carcinogenic processes. Rivera et al. (1 989) 
15 showed that an antisense sequence to the CGA gene inhibited the growth and reversed the transformed phenotype 
of human lung tumor cells. One possibility, in breast tissue, is that the hCGa subunit controls PRL (prolactin) gene 
expression, as in myometrial, decidual and pituitary gland cells (Begeot et al., 1984, Blithe et al., 1991 ; Stewart et al., 
1995). As PRL (prolactin) gene expression is altered in breast cancer (Goffin et al., 1999), we tested this hypothesis. 
Although we observed marked differences in the amount of PRL mRNA molecules, we found no link between CGA 
20 mRNA overexpression and PRL mRNA overexpression, ruling out a role of the CGA gene in PRL pathway dysregulation 
in breast tumors (data not shown). 

[0069] The most important result of our study is that CGA gene overexpression is perfectly linked to estrogen receptor 
positivity in breast tumors. CGA gene overexpression was observed in half the ERa-positive tumors and in none of 
the ERoc-negative tumors. We also found a weaker association between CGA gene overexpression and progesterone 

25 receptor positivity and SBR histophathological grade l+ll, suggesting that CGA is a marker of tumors with low aggres- 
siveness. No relationship between estrogen receptor positivity and CGB overexpression was observed in the same 
series. Our immunohistochemical data confirm that hCGa protein overexpression is strictly limited to estrogen receptor- 
positive tumor cells. This makes CGA status an attractive candidate as a molecular marker, and one that may prove 
far more reliable than estrogen receptor status alone, to predict endocrine responsiveness. Indeed, only half of all ER- 

30 positive patients respond favorably to antiestrogen treatment (McGuire, 1980) and we observed CGA gene overex- 
pression in half the ERa-positive tumors in our breast tumor series. Moreover, we observed no link between CGA 
mRNA expression status and PS2 or PR mRNA expression levels in the ERa-positive subgroup, suggesting that CGA 
activation requires ERa but involves a mechanism different from that of PS2 and PR. Moreover, our results (summarized 
in Tables 4 and 5) suggest that the CGA gene may be a more reliable marker than PS2 and PR for ER functionality 

35 and, thus, for endocrine responsiveness. Indeed, several ERa-negative tumors overexpressed PS2 and/or PR, while 
none of the ERa-negative tumors overexpressed the CGA gene. Taken together, these findings suggest that the CGA 
marker provides new, independent information which, in conjunction with ER status, may help to determine the likeli- 
hood that a given tumor will respond to endocrine therapy. We infer that the subpopulation of CGA-positive, ER-positive 
tumors would correspond to those responsive to hormone therapy. As endocrine therapy was rarely used 20 years 

40 ago, when our samples were obtained, we were unable to study the relationship between CGA gene overexpression 
and the response to endocrine therapy in the first breast tumor series. However, among the 44 ER-positive patients 
who received postoperative hormone therapy, 71 .4% (1 5/21 ) of those who had CGA overexpression are relapse-free, 
compared with 43.5% (10/23) of those who had normal CGA expression (P=0.06). In a second breast tumor RNA 
sample series from a well-defined cohort of Tamoxifen -treated postmenopausal patients, we confirm CGA status as a 

45 new attractive molecular predictor of endocrine responsiveness. Indeed, we found that CGA-overexpressed patients 
had significantly longer relapse-free survival compared to patients whose tumors normally expressed this gene, and 
this good prognostic significance of CGA-overexpression status persisted in Cox multivariate regression analysis. Fi- 
nally, we also showed that combinations of CGA and ERBB2 status may provide a more accurate predicting guide to 
hormone responsiveness than these individual factors used alone. In particular, we observed that CGA normal/ERBB2 

50 overexpressed tumors showed the poorest prognosis, while CGA overexpressed/ERBB2 normal tumors showed the 
best prognosis. Taken together, these findings identify CGA, in association or no with ERBB2, as an attractive new 
molecular marker for predicting hormone responsiveness in breast cancer. 

[0070] In conclusion, we have identified CGA as a major new ERa-responsive gene that should greatly contribute 
to our understanding of the role of the estrogen receptor alpha in breast cancer. Our results also make the CGA gene 
55 an attractive alternative molecular marker to PR and PS2 as a (refined) predictor of endocrine responsiveness in breast 
cancer patients. The CGA gene encodes a well-characterized secreted protein for which specific antibodies are already 
commercially available, thus facilitating the application of this marker to the clinical management of breast cancer. 
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Table 1: 



Characteristics of the 131 patients and relation to disease-free survival 




Disease-free survival 




Number of patients (%) 


Number of events 1 


P value 2 


Age 






NS 


<50 


39 (29.8) 


12 




>50 


92 (70.2) 


35 




Menopausal status 






NS 


Premenopausal 


45 (34.3) 


16 




Post-menopausal 


86 (65.7) 


31 





1 : First relapses (local and/or regional recurrences, and/or metastases) 

2 : log -rank test 
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Table 1 : (continued) 



Characteristics of the 131 patients and relation to disease-free survival 




Disease-free survival 


Menopausal status 






NS 










Histological grade 3 






NS 


l+ll 


76 (62.3) 


30 




III 


46 (37.7) 


16 




Lymph node status 






0.026 


Node-negative 


49 (37.4) 


10 




Nodp-nositivp 


82 (62 6^ 


37 




ER status 






NS 


+ (>10 fm/mg) 


90(68.7) 


36 




In i u ii i i/i i iyy 


41 (31 .3) 


11 




PR status 






NS 


+ (>10 fm/mg) 


78 (59.5) 


28 




- (<10 fm/mg) 


53 (40.5) 


19 




Macroscopic tumor size* 






NS 


<30mm 


90 (72.6) 


32 




>30mm 


34(27.4) 


13 





: Scarff Bloom Richardson classification; Information available for 122 patients 



: Information available for 124 patients 
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Table 2 : Oligonucleotide primer and probe sequences used 



Genes 


Oligonucleotide 




Sequence 


PCR product 
size (pb) 


RPLPO 


Upper primer 
Lower primer 


5'- 
5*- 


GGC GAC CTG GAA GTC CAA CT - 3' 
CCA TCA GCA CCA CAG CCT TC - 3' 


149 




Probe 


5'- 


ATC TGC TGC ATC TGC TTG GAG CCC A - 3' 




CGA 


Upper primer* 
Lower primer 1 * 


5'- 

5'- 


TCC CAC TCC ACT AAG GTC CAA - 3' 
CCC CAT TAC TGT GAC CCT GTT - 3' 


106 




Probe' 


5'- 

3' 


CAC AGC AAG TGG ACT CTG AGG TGA CG - 




CSS 


Upper primer 
Lower primer 


5'- 
5'- 


GCT ACT GCC CCA CCA TGA CC • 3' 
ATG GAC TCG AAG CGC ACA TC - 3" 


94 




Probe 


5'- 
3' 


CCT GCC TCA GGT GGT GTG CAA CTA CC - 




ERa* 


Upper primer 
Lower primer 


5'- 
5'- 


• CCA CCA ACC AGT GCA CCA TT - 3' 

• GGT CTT TTC GTA TCC CAC CTT TC - 3' 


108 


PR* 


Upper primer 
Lower primer 


5'- 
5'- 


• CGC GCT CTA CCC TGC ACT C - 3' 
TGA ATC CGG CCT CAG GTA GTT - 3' 


121 


PS2* 


Upper primer 
Lower primer 


5'- 
5'- 


CAT CGA CGT CCC TCC AGA AGA G - 3' 
CTC TGG GAC TAA TCA CCG TGC TG - 3' 


105 


ER0* 


Upper primer 
Lower primer 


5'- 
5'- 


AGA GTC CCT GGT GTG AAG CAA G - 3' 
GAC AGC GCA GAA GTG AGC ATC - 3' 


143 



* : The genes ERa, PR, PS2 and RE/f were analyzed by using the fluorescent SYBR D green 
methodology (without use of a TaqMan 0 fluorogenic probe). 



a: SEQ ID NO:3 
b: SEQ ID NO:4 
c: SEQ ID NO:5 
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Table 3 : 





Relationship between mRNA CGA status (normal/overexpression) and the standard clinical, pathological, and 
biological factors 


5 






Normal CGA mRNA 


Overexpressed CGA mRNA 






Total population (%) 


Number of patients 
(%) 


Number of patients (%) 


P value 1 




Total 


131 (100.0) 


87 (66.4) 


44 (33.6) 




10 


Age 








NS 




<50 
>50 


39 (29.8) 
92 (70.2) 


29 (33.3) 
58 (66.7) 


10 (20.7) 
34(77.3) 






Menopausal status 








NS 


15 


Premenopausal 
Post-menopausal 


45 (34.3) 
86(65.7) 


33 (37.9) 
54 (62.1) 


12 (27.3) 
32 (72.7) 






Histological grade 2 








0.015 


20 


l+ll 
III 


76 (62.3) 
46 (37.7) 


43 (54.4) 
36 (45.6) 


33 (76.7) 
10 (23.3) 




Lymph node status 








NS 




Node-negative 
Node-positive 


49 (37.4) 
82 (62.6) 


33 (37.9) 
54 (62.1) 


1 6 (36 4} 
28 (63.6) 




25 


ER status 








<10" 7 


-(<10fm/mg) 


90 (68 7} 
41 (31.3) 


46 (52 9} 
41 (47.1) 


44 (1 00.0) 

o 






PR status 

lit ^(UIUJ 








0.0009 


30 


+ (>1 0 fm/mn) 
- (<1 Ofm/mg) 


78 (59 5) 
53 (40.5) 


43 (49.4) 

44 (50.6) 


35 (79.5) 
9 (20.5) 






MacroscoDtc tumor 
s/ze 3 








NS 


35 


<30mm 
>30mm 


90 (72.6) 
34 (27.4) 


62 (73.8) 
22 (26.2) 


28(70.0) 
12(30.0) 






Relapses 








NS 




+ 


47 (35.9) 
84 (64.1) 


32 (36.8) 
55 (63 2) 


15(34.1) 
29 (65.9) 




40 










NS 


45 


NCGB (0.3 to 2.9) 
NCGBf3 0to5 9} 
NCGB (6.0 to 9.9) 
NCGB(10.0to 192) 


33 (25.2) 

31 (23.7) 
35 (26.7) 

32 (24.4) 


25 (28.7) 
20 (23.0) 
23 (26.4) 
19 (21.9) 


8(18.2) 

11 (25.0) 

12 (27.3) 
13(29.5) 






RNA CCND1 status 4 








0.00003 




Overexpressed 
Normal 


43 (32.8) 
88 (67.2) 


18 (20.7) 
69 (79.3) 


25 (56.8) 
19(43.2) 




50 


RNA MYC status 5 








NS 




Overexpressed 
Normal 


28(21.4) 
103 (78.6) 


17(19.5) 
70 (80.5) 


11 (25.0) 
33 (75.0) 






RNA ERBB2 status* 








NS 


55 


Overexpressed 
Normal 


22(16.8) 
109 (83.2) 


16(18.3) 
71(81.7) 


6(13.6) 
38 (86.4) 





' : Chi-square test 

2 : Scarff Bloom Richardson classification; Information available for 122 patients 

3 : Information available for 124 patients 

4 : Bieche et al. t in preparation 

5 : Bieche etal. (1999a) 

6 : Bieche etal. (1999b) 
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Table 5 : 



Subdivision of the 131 tumors according to mRNA CGA, ERa, PR and PS2 status. 


uijf\ siaius 


tnu siaius 


rn SiaiUS 


roz siaius 


iNumuer 01 p alien is \/o) 


+ 


+ 


+ 


+ 


35(26.7) 


+ 


+ 


+ 




6(4.6) 


+ 


+ 




+ 


2(1 .5) 


+ 


+ 


■ 




1(0.8) 


+ 


■ 


+ 


+ 


0 


+ 




+ 




0 


+ 






+ 


0 


+ 


- 


- 




0 




+ 


+ 


+ 


33(25.2) 




+ 


+ 


- 


3(2.3) 




+ 




+ 


7(5.3) 




+ 






1(0.8) 






+ 


+ 


8(6-1) 






+ 




3(2.3) 








+ 


3(2.3) 










29(22,1) 


- : low gene mRNA expression level 






+ : intermediate or high gene mRNA expression level 
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EP1 167 975 A1 

SEQUENCE LISTING 

<110> VIDAUD, Michel 
BIECHE, Ivan 

<120> Compositions and methods for detecting, treating or 
predicting the response of tumor cells to endocrine 
10 therapy 

<130> B0040EP 

15 <140> 
<141> 

<160> 5 

20 

<170> Patentln Ver. 2.1 

<210> 1 

<211> 621 

25 <212> DNA 

<213> Homo sapiens 

<220> 

30 <221> CDS 

<222> (51) . . (401) 

<400> 1 

35 cagtaaccgc cctgaacaca tcctgcaaaa agcccagaga aaggagcgcc atg gat 56 

Met Asp 
1 

tac tac aga aaa tat gca get ate ttt ctg gtc aca ttg teg gtg ttt 104 

40 

Tyr Tyr Arg Lys Tyr Ala Ala lie Phe Leu Val Thr Leu Ser Val Phe 
5 10 15 

ctg cat gtt etc cat tec get cct gat gtg cag gat tgc cca gaa tgc 152 
45 Leu His Val Leu His Ser Ala Pro Asp Val Gin Asp Cys Pro Glu Cys 

20 25 30 

acg eta cag gaa aac cca ttc ttc tec cag ccg ggt gee cca ata ctt 200 
50 Thr Leu Gin Glu Asn Pro Phe Phe Ser Gin Pro Gly Ala Pro He Leu 

35 40 45 50 

cag tgc atg ggc tgc tgc ttc tct aga gca tat ccc act cca eta agg 248 
Gin Cys Met Gly Cys Cys Phe Ser Arg Ala Tyr Pro Thr Pro Leu Arg 
55 55 60 65 
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10 



15 



20 



25 



tec aag aag acg atg ttg gtc caa aag aac gtc acc tea gag tec act 296 

Ser Lys Lys Thr Met Leu Val Gin Lys Asn Val Thr Ser Glu Ser Thr 

70 75 80 

tgc tgt gta get aaa tea tat aac agg gtc aca gta atg ggg ggt ttc 344 

Cys Cys Val Ala Lys Ser Tyr Asn Arg Val Thr Val Met Gly Gly Phe 

85 90 95 

aaa gtg gag aac cac acg gcg tgc cac tgc agt act tgt tat tat cac 392 

Lys Val Glu Asn His Thr Ala Cys His Cys Ser Thr Cys Tyr Tyr His 

100 105 110 

aaa tct taa atgttttacc aagtgctgtc ttgatgactg ctgattttct 441 

Lys Ser 

115 

ggaatggaaa attaagttgt- ttagtgttta tggctttgtg agataaaact ctccttttcc 501 

ttaccatacc actttgacac gcttcaagga tatactgeag ctttactgcc ttcctcctta 561 

tcctacagta caatcagcag tctagttctt ttcatttgga atgaatacag cattaagctt 621 



30 <210> 2 

<211> 116 
<212> PRT 

<213> Homo sapiens 

35 

<400> 2 

Met Asp Tyr Tyr Arg Lys Tyr Ala Ala lie Phe Leu Val Thr Leu Ser 
15 10 15 

40 Val Phe Leu His Val Leu His Ser Ala Pro Asp Val Gin Asp Cys Pro 

20 25 30 

Glu Cys Thr Leu Gin Glu Asn Pro Phe Phe Ser Gin Pro Gly Ala Pro 
35 40 45 

45 He Leu Gin Cys Met Gly Cys Cys Phe Ser Arg Ala Tyr Pro Thr Pro 

50 55 60 

Leu Arg Ser Lys Lys Thr Met Leu Val Gin Lys Asn Val Thr Ser Glu 
65 70 75 80 

Ser Thr Cys Cys Val Ala Lys Ser Tyr Asn Arg Val Thr Val Met Gly 

85 90 95 

Gly Phe Lys Val Glu Asn His Thr Ala Cys His Cys Ser Thr Cys Tyr 

100 105 110 

Tyr His Lys Ser 
115 



50 



55 
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<210> 3 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
oligonucleotide 

<400> 3 

tcccactcca ctaaggtcca a 21 



<210> 4 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
oligonucleotide 

<400> 4 

ccccattact gtgaccctgt t 21 



<210> 5 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
oligonucleotide 

<400> 5 

cacagcaagt ggactctgag gtgacg 26 



Claims 

1. A method of predicting endocrine treatment responsiveness of a subject with a tumor, comprising assessing in 
vitro or ex vivo the CGA status of said subject or tumor. 

2. A method of predicting endocrine treatment responsiveness of a tumor cell, comprising assessing in vitro or ex 
vivo the CGA status of the tumor cell. 
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3. The method of claim 1 or 2, wherein assessing the CGA status comprises assessing CGA gene expression in said 
subject or tumor. 

4. The method of claim 3, wherein assessing CGA gene expression comprises detecting the presence or amount of 
5 CGA polypeptide in a biological sample of the subject. 

5. The method of claim 4, wherein assessing CGA gene expression comprises detecting the presence of CGA 
polypeptide in a cell or in a tissue sample of said tumor. 

10 6. The method of claim 4, wherein assessing CGA gene expression comprises detecting the presence or amount of 
CGA polypeptide in a biological fluid from the subject. 

7. The method of any one of claims 4, 5 or 6, wherein the presence or amount of CGA polypeptide is determined by 
an immuno-assay, in particular using an anti-CGA antibody. 

15 

8. The method of claim 3, wherein assessing CGA gene expression comprises assessing CGA mRNA level in a cell 
or a tissue sample of said tumor. 

9. The method of claim 3, wherein assessing CGA gene expression comprises assessing CGA mRNA level in bio- 
20 logical fluids such as blood, plasma or urine. 

10. The method of claim 8, comprising contacting the tumor cell or tissue sample with a labelled nucleic acid probe 
specificfortheCGAmRNAunderconditions allowing hybridization to occur, and dosing the labelled hybrids formed. 

25 11. The method of claim 8 or 9, comprising a cDN A synthesis and a PCR amplification of the CGA mRNA with specific 
CGA oligonucleotide primers in the tumor cell, tissue sample or biological fluid (detection of circulating tumor cells) 
and a direct or indirect analysis of PCR products. 

12. The method of claim 3, wherein the CGA status is determined by: 

30 

obtaining total RNAs of a tumor cell or sample or biological fluid (blood, plasma, urine...) 
- cDNA synthesis by reverse transcription 

PCR (polymerase chain reaction) amplification of CGA cDNA in the presence of oligonucleotide primers spe- 
cific for CGA gene, 

35 - Detection (or quantitation) of PCR product by measuring the increase in fluorescence by using a fluorescent 

double-stranded DNA-binding dye or by subsequent contact of a specific labelled nucleic acid probe to the 
CGA PCR products. 

13. The method of any one of claims 3 to 12, wherein CGA overexpression is indicative of endocrine treatment re- 
40 sponsiveness of said tumor or subject. 

14. The method of any one of claims 8 to 12, wherein the presence of CGA mRNAs in the tumor cell or tissue sample 
above an average value calculated from non-tumoral sample is indicative of endocrine treatment-responsiveness. 

45 15. The method of claim 14, wherein a two-fold increase, preferably a five-fold increase, is indicative of endocrine 
responsiveness. 

16. A method of predicting endocrine treatment responsiveness of a subject with a tumor, comprising assessing in 
vitro or ex vivo the ERot status and the CGA status of said tumor or subject. 

50 

1 7. The method of any one of the preceding claims, wherein the tumor is a hormone-associated tumor, more preferably 
a hormone-dependent tumor, even more preferably a breast tumor or a prostate tumor. 

18. A method of predicting the responsive to antiestrogens (Tamoxifen, Raloxifen, Droloxifen, Tonemifen...) for a sub- 
55 ject with breast tumor, comprising assessing in vitro or ex vivo the CGA status of the subject or tumor. 

19. The method of claim 18, wherein an increase in CGA expression over a reference value is indicative of a respon- 
siveness to tamoxifen. 
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20. The use of a CGA gene product as a marker of endocrine responsiveness of a tumor or tumor cell. 

21. A kit for implementing a method according to any one of claims 1 to 19, comprising reagents for assessing the 
CGA gene status in a sample. 

22. A nucleic acid array comprising a plurality of nucleic acids attached to a support, wherein at least one or a portion 
of said nucleic acids are complementary to a region of the CGA gene or mRNA. 

23. A method of selecting a patient with a tumor, for endocrine treatment, comprising assessing the CGA status of 
said patient or tumor. 

24. The method of claim 23, wherein the tumor is a breast tumor. 

25. A method of detecting breast cancer in a subject, comprising detecting in vitro or ex vivo a CGA expression product 
in a breast cell, tissue sample or biological fluids of the subject. 

26. A method of detecting breast cancer in a subject, comprising detecting in vitro or ex vivo CGA protein in a breast 
cell or sample or in a biological fluid of the subject. 

27. A method of selecting or identifying compounds that modulate CGA expression or activity, comprising contacting 
a cell expressing a CGA gene with a candidate compound and selecting or identifying the cell(s) having a modified 
CGA status. 

28. The method of claim 27, to select or identify an inhibitor of CGA gene expression or activity. 

29. The method of claim 27, to select or identify an activator of CGA gene expression or activity. 

30. The use of a compound that modulates CGA expression or activity for the manufacture of a medicament for the 
treatment of a hormone-associated tumor or tumor cell. 

31. The use of claim 30, for reducing or arresting the growth or development of a hormone associate tumor or tumor 
cell, more particularly of breast or prostate tumor. 

32. The use of a compound that modu lates CGA expression or activity for the manuf actu re of a medicament for inducing 
or stimulating the endocrine responsiveness of a tumor or tumor cell. 

33. The use of a nucleic acid encoding a CGA polypeptide, for the manufacture of a medicament for the treatment of 
a hormone-associated tumor or tumor cell or for inducing or stimulating the endocrine responsiveness of a tumor 
or tumor cell. 
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